P ostoPerative urinary retention (POUR) is a common problem in patients receiving general anesthesia and may lengthen the in-hospital stay and cause pain and morbidity. 2, 14 The adult bladder has a capacity of 400-600 ml.
Prior studies have focused on urinary retention following general surgery and obstetrical, gynecological, and orthopedic procedures, but there has been limited investigation in connection with elective spinal surgery. 1, [3] [4] [5] [6] [8] [9] [10] [11] [13] [14] [15] [16] [17] [19] [20] [21] [22] [23] [24] 26, [30] [31] [32] There are differences in the patients undergoing spinal and nonspinal surgery including the type of positioning on the operating room table, pre-and postoperative narcotic usage, and manipulation of elements of the nervous system that contribute to bladder function. Thus it is possible that differences exist in the incidence of POUR in patients undergoing spinal surgery and that identifying a subpopulation at higher risk for urinary retention may help to avoid associated complications and thereby shorten the hospital stay. In addition, as urinary retention is a feature of cauda equina syndrome caused by postoperative epidural hematoma or abscess, an improved understanding of POUR may aid in identifying patients who require further workup and decompressive intervention. 25 
Methods
All patients admitted to our tertiary care academic medical center over an 18-month period for elective spine surgery performed by 5 different academic neurosurgeons were monitored for urinary retention. The cases included cervical, thoracic, and lumbar surgeries via both anterior and posterior approaches. Patients with cervical and thoracic myelopathy and lumbar radiculopathy were deemed surgical candidates. Those with axial pain were referred for conservative therapies including steroid injections and physical therapy, among others, prior to consideration for surgical treatment.
Collected data included demographic information, presence of diabetes mellitus or benign prostatic hypertrophy (BPH), history of retention (either as recorded in their charts or due to chronic catheterization), procedure positioning, surgical duration, anatomical location of surgery, use of instrumentation, Foley catheter placement, intraoperative intravenous fluids (IVFs) volume, use of postoperative patient-controlled analgesia (PCA), and hospital length of stay. These data were retrospectively collected using charted nursing, anesthesiology, and operative reports. Operative duration was measured from the start of anesthesia induction to patient extubation. Foley catheters were placed intraoperatively for each case expected to last more than 2 hours and were removed once the patient was ambulatory or able to transfer to a commode. All patients had pre-and postoperative urinalysis studies, and those with fevers or retention postoperatively had urine cultures.
Postoperative urinary retention was defined as failure to void more than 8 hours after surgery for patients without intraoperative Foley placement, failure to void more than 8 hours after Foley catheter removal for those with intraoperative placement, or the report of a distended or painful bladder (patients reported suprapubic pain or discomfort either at rest or with palpation by the nursing staff). Patients were routinely monitored with ultrasound when any of these 3 criteria were met as frequently as at hourly intervals, and all patients with more than 350-400 ml of fluid seen on ultrasound were catheterized intermittently at first and then had Foley catheters replaced if they required more than 2 intermittent catheterizations. Exclusion criteria included end-stage renal disease on hemodialysis, primary presentation with acute urinary retention, or urinary retention developed as part of a cauda equina syndrome in relation to a complication such as epidural abscess or epidural hematoma.
Stata statistical software (StataCorp.) was used to compare the POUR and non-POUR groups. Study design and progress were approved by the institutional review board of the Albert Einstein College of Medicine and Montefiore Medical Center. A p < 0.05 was considered statistically significant.
results
Of 402 patients who underwent elective spine surgery, 397 met our inclusion criteria as 3 patients were excluded for postoperative cauda equina syndrome due to epidural hematoma and 2 for end-stage renal disease on hemodialysis. A total of 35 patients (8.8%) developed POUR ( Table  1 ). The median age for both groups was 60 years old, and the mean was 57 and 64 years for the non-retention and retention groups, respectively (p = 0.002). Patient sex did not outright affect the incidence of retention (p = 0.21); however, after controlling for BPH, there was a significant association between the female sex and the development of POUR (p = 0.012, OR = 2.4). Surgery was performed in cervical, thoracic, and lumbar locations in 41%, 2.5%, and 56% of cases, respectively, in the non-retention group and 20%, 3%, and 77% of cases, respectively, in the retention group. Retention was significantly associated with surgeries performed on the lumbar spine (p = 0.019, OR = 2.7) compared with cervical and thoracic cases. In the retention group, 97% of cases were treated via a posterior approach, whereas in the non-retention group, 66% of cases were posterior (p < 0.001). The use of spinal instrumentation was not a significant factor for the prediction of retention (p = 1.0). In contrast, retention was associated with a significant increase in the hospital length of stay (6.3 vs 4 mean days, p < 0.001), and 4 (11%) of the 35 POUR patients were discharged with a Foley catheter and follow-up with a urologist.
A longer operative time correlated with a higher incidence of POUR; mean operative times for the non-retention and retention groups were 167 and 213 minutes, respectively (p = 0.013). Mean IVF administration in the retention and non-retention groups was 2429 ml and 1867 ml, respectively (p = 0.084). Seventeen percent of patients who developed POUR had a history of retention, as compared with only a 1% in the non-retention group (p < 0.001). A history of BPH was also noted in 17% of the retention cases, as compared with only 3% in the non-retention group (p = 0.002, OR = 13.5; Table 2 ). Diabetes mellitus was a comorbidity in 37% and 24% of cases in the retention and non-retention groups, respectively (p = 0.103), and was not significantly associated with POUR. Twenty-six percent of retention patients presented with constipation versus 5% in the non-retention group (p < 0.001, OR = 4.4). Of the patients who experienced urinary retention, 14% developed postoperative UTIs as compared with 5% in the non-retention group (p = 0.035, but p = 0.078 on multivariate analysis). Overall, 6% of the patients developed UTI. Foley catheters were intraoperatively placed in 71% of the patients who developed retention postoperatively and in 43% of those who did not have postoperative retention (p = 0.001, OR = 3.4). Adverse events such as dural tear, postoperative CSF leak, bacteremia, abscess formation, and new neurological deficit occurred in 24 patients overall (6%), in 11% of patients with retention, and in 6% of patients without retention (p = 0.15). Finally, 31% of patients who developed urinary retention were on a PCA during the postoperative period, whereas only 16% of those in the non-retention group were on a PCA in the immediate 24-hour postoperative period (p = 0.035, OR = 2.35).
Discussion
Two previous studies in the literature remarked upon POUR in patients undergoing spine surgery. 7, 12 These studies looked only at lumbar laminectomies and found an incidence of POUR between 22.9% and 23.6%. It is conceivable that our unique patient population or the greater variability in the operative procedures performed (via the inclusion of cervical and thoracic cases) was the reason for the lower incidence of POUR in our series; however, it could also be the result of our implementation of a bladder scanning and voiding protocol, as described above. More conservative management of patients at higher risk for retention with this protocol could lower this incidence still.
While the above-cited studies did not focus on identifiable risk factors for POUR in their populations, studies from other surgical specialties as well as our own have delineated certain identifiable risk factors that may place certain patients at higher risk for developing POUR.
Patient age and Sex
The incidence of POUR increases with age, rising by a factor of 2.4 in patients more than 50 years old. 8, 17, [19] [20] [21] 27, 28 In our study, age was noted to significantly influence retention, with older patients statistically more likely to experience POUR. In the literature, POUR has also been reported to occur more frequently in men (4.7%) than in women (2.9%) undergoing general surgery procedures, but in our initial analysis no difference was noted between sex and POUR for those undergoing elective spinal surgery. However, after controlling for comorbid BPH, we demonstrated an increased POUR incidence in the female sex, which was not seen in prior results. Controlling for BPH is important to minimize variability in these analyses, and it is unclear if this was done in previous work. 
Comorbidities
Prior neurological dysfunction such as that resulting from stroke; spinal lesions; polio; multiple sclerosis; peripheral, alcoholic, or diabetic neuropathy; and BPH has been shown to predispose patients to develop urinary retention. 2, 27, 29 In our study, a history of BPH, urinary retention, and constipation were all significant predictors of POUR. While the association with BPH is readily understood, we speculate that a history of chronic constipation and prior retention could reflect some underlying sphincter dysfunction. We additionally note that the significant association of POUR with preoperative constipation could be confounded by heavy narcotic use. Patients were not routinely scanned preoperatively to rule out preexisting retention (which would assist in diagnosis), although it would be difficult to perform in the immediate preoperative period. Future investigation via sacral electromyography or urodynamic studies in individuals with retention who later develop POUR may provide additional information.
intravenous Fluids and Duration of Surgery
In patients undergoing hernia and anorectal surgery, IVF administration greater than 750 ml during the perioperative period was found to increase the risk of POUR by a factor of 2.3, but there have been conflicting findings in studies looking at postoperative retention as a function of operative time. 1, 8, 13, 16, 18, 21, 27, 29, 32 Our study showed a significant correlation between operative time and the incidence of POUR, but not the volume of intraoperative IVFs and the incidence of POUR, although a trend toward significance was noted. The wide range of IVF data may have limited our analysis, but controlling for this as well as the amount of anesthetic administered could not be performed retrospectively, possibly confounding these results. Additionally, the degree of difficulty in longer procedures, as well as the manipulation of neural elements during these cases, could contribute to POUR independent of operative time. Placement of a Foley catheter also increased the likelihood of POUR in our series, but this finding probably reflects the fact that a catheter was placed before surgeries that were expected to be lengthy.
Systemic narcotic Use and ambulation
Systemic opioids have been shown to inhibit acetylcholine release from the sacral parasympathetics, which control detrusor emptying. 2 In cholecystectomy and appendectomy patients, POUR was related to the amount of narcotics used postoperatively, with greater POUR rates in those who used a PCA as opposed to intermittent intramuscular delivery. In our study, those on a PCA postoperatively were more than twice as likely to develop POUR than those who were not. This reliance on a PCA for pain control may have also contributed to the longer time to ambulation for individual patients, yet a standardized time could not be determined for our study as each patient and surgery interacted differently with perioperative factors to determine when first ambulation would occur. Additionally, the longer the catheters remained in place, the more limited patients were in their ability to ambulate, in a cycle that could prolong their time to discharge. Practitioners should opt for earlier discontinuation of catheters in low-risk patients to promote early ambulation. When multivariate analyses were performed for operative time and PCA administration, PCA remained a significant independent predictor of POUR. Future studies could look at narcotic use in greater detail and determine the dosing and administration parameters most likely to contribute to the occurrence of POUR.
Surgical Site and instrumentation
Those undergoing lumbar surgery were the most likely group to experience POUR. Many of the most extensive surgical procedures in terms of duration and intraoperative blood loss were lumbar fusion procedures in our series, and the effect of increased operative time, IVF administration, and the use of PCA may also be factors in these patients experiencing POUR. A theoretical neurological explanation for POUR may be the temporary effects of any manipulation around the dural sac causing nerve stretch or inflammation, but this is probably unlikely as functional disturbance of the sacral roots may also be expected to be associated with radicular pain or lower-extremity motor dysfunction, findings not observed in our patients. No statistically significant incidence of POUR was noted between patients who did and did not undergo instrumentation, regardless of surgical level. Of note, the number of patients with POUR in the cervical and thoracic groups was small, making it difficult to make generalities about POUR in these individual groups.
Surgical Complications
Three patients developed POUR as part of a cauda equina syndrome in conjunction with an epidural hematoma. In all of these cases, there were additional symptoms of saddle anesthesia and increased leg pain with foot weakness, features that were not noted in patients with typical POUR. Other operative complications such as dural breach resulting in postoperative spinal fluid leakage, abscess formation, and the development of new neurological deficits were not statistically associated with the incidence of POUR.
hospital length of Stay
The incidence of POUR was significantly associated with a longer hospital stay, but it is unclear if POUR is the sole reason for this finding. Foley catheter placement, the complexity and duration of surgery, and comorbidities may also play a role in prolonging the hospital stay. Identifying at-risk patients and managing them sooner toward a successful trial of voiding would probably allow for their earlier discharge from the hospital. While temporary catheterization at the end of long cases has been suggested, it is unclear if this would be sufficient to prevent POUR in certain low-risk patients, and it may even increase dependence on the catheter to void in these patients when it could have otherwise been avoided. Additionally, the absence of a short-term catheter in high-risk patients would almost certainly increase the incidence of immediate POUR and likely result in eventual catheterization. Further research on acute or intermittent as compared with the prolonged management of POUR over days is warranted and can improve outcomes.
Potential limitations of our study include the extent to which a single institution's data can be generalizable to other centers, as well as the variability of surgical management and postoperative care among the 5 contributing surgeons in our series. A multicenter analysis in the future is required for greater generalizability. Albeit prevalent, POUR occurs in a small number of patients, making it difficult to determine the true significance of identified risk factors despite the large number of patients screened. The variability of Foley catheter tolerance and discontinuation varied from patient to patient, as did the time to ambulation and intraoperative anesthetic use, which may have influenced any subsequent occurrence of POUR. Operative time and Foley catheter placement were also intertwined as the longer, more complex cases were the ones during which a Foley catheter was placed, possibly further confounding this variable. The variability in preoperative neurological conditions may have influenced our data, but controlling for this would reduce the generalizability of our data and limit the number of patients studied, as it would be difficult to include patients with only a specific type of pathology. Finally, the retrospective nature of our study limits the generalizability of our results.
Conclusions
Risk factors for the development of POUR include a history of urinary retention, chronic constipation, lengthy posterior lumbar surgery, longer operative times, a history of BPH, and PCA usage. Awareness of the risk factors for the development of POUR may be useful for identifying patients who should have prophylactic Foley catheter placement preoperatively and for those who need particular vigilance when they are due to void postprocedure or on postdiscontinuation of the catheter. This greater awareness may also improve lengths of hospital stays for patients undergoing elective spinal surgery without the above risk factors, who may tolerate voiding spontaneously after a surgical procedure. While the cause of POUR is not fully clear and may be the consequence of the effects of surgical stress, anesthesia, or perioperative medications, it is rarely caused by the feared complication of postoperative cauda equina syndrome from epidural hematoma, in which there is associated saddle anesthesia, leg pain, and leg weakness. However, it is imperative to delineate these 2 causes so that each can be treated accordingly and so that neurological function can be preserved.
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